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ABSTRACT 


Tlic rervval of ortlio-phosyha go r by alum coagulation 
has been studied in pure soli 1 . cions and nat’iral and synthc. tic 
waste water saxonies to investigate the mechanism and 
effective alum dose requirements. As a detail parametric 
study, the effects of I'll; initial phosphorous concentra- 
tion (P^) v Alim dose i.e. A1 : P molar ratio (R) or 
Alum : P^ weight ratio (T? T ) ; suspended saids and 
biodegradable organic matter arc evaluated in this study. 

The optimum >H is found to be around 6. At this optimum 
PH-6 the dose required is B = 2.0 or R ! = 7.0 to achieve 
effective removal (P^ around 0-5 mg/l) irrespective of 
P^ in pure system. But this dos-,. requirement becomes 
higher in case of actual waste water Simple and it is 
found that biodegradable organic matter has got more 
interference than suspended solid in increasing this 
dose requirement. Actual incr»isv. i dose requirement 
will depend on the concentration of interfering agents. 

It is found in case of synthetic sample (P^ =10 mg/l, 

S.S = 20 mg/l and 3.0.3 = 20 mg/l) the dose Increases 
by 25$ from pure sample and when the concentration of 
interfering agents is increased mo:. o the percentage 
increase in dose requirement becomes more. 



Prom a scperatS adsorption study it is seen 
that the removal of phosphate does not take place only 
duo to the adsorption of phosphate on A1 (OH)^ floes 

m 

but a chemical nr cci pit at ion and adsorption take place 
simultane ously « 



through filter media in the water treatments due to 
floating algae and aquatic plants, fluctuation of - 
dissolved oxygen concentration in the water body, 
obnoxious odour and taste are the usual problems 
created due to eutrophication. So the control of 
eutrophication is essential. 

Now both nitrogen and phosphorous are essential 
for the growth of algae. So theoretically the growth of 
algse can be arrested by eliminating either of the 
nutrients. But although very recent studies (35) have 
shown the growth rate of algae is much more sensitive 
in case of nitrogen limiting condition rather than 
phosphorous limiting condition, the removal of phosphorous 
has received initial emphasis for two reasons : 

(1) Phosphorous is easier to remove since it forms 
insoluble compounds and the chemistry seems straight 
forward. 

(2) Some blue green algae have the capacity of 
fixing nitrogen from the atmosphere so that phosphorous 
becomes the limiting nutrient in their life cycle (44) * 

Regarding removal, about 90$ removal of phosphor cun 
is essential to control entrophieation. Such a high 
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degree or removal can not be' acliievec"' in conventional 
biolo{ical treatment. Activated sludge and Trickling 
Filter can remove 10-3 0% and oxidation pond can remove 
up to 60% only. Of- course the modified activated sludge 
process by extended aeration can remove phosphorous to 
the desired level but it will ir.vol\c more cost and at 
th ft came time nay not be so reliable because in any 
biological treatment this unreliabity in always there. 
Therefore chemical treatment has received more attention 
for the removal of phosphorous because both feasibility 
of high degree of removal and reliability are there. 

The chemistry behind the removal of phosphorous 
by chemical treatment is that bivalent or trivaJont 
metal ion like Ca + ^ or Fe + ^ and Al + ^ can precipitate 
out the phosphorous by forming the insoluble phosphates. 

These metal ions can be provided by adding the chemicals ; . 
Lime, Ferric Chloride, Alum etc. But which of these 
Chemicals will be more economic . „nd effective require 
more detail comparision among them, lime and Ferric 
Chloride are cheaper than alum, but these chemicals may 
cause hardness and colour in turn if not properly controlled. 
Therefore, in the present study undertaken to determine 
the mechanism and effective coagulant dose for removal of 
phosphate from pure solutions and actual waste water system^, 
alum &&© .tegen'used, as the coagulant# 



CHAPTER - 2 


LIT ERATO n .3 K 


rT^T 


0 ! 


OBJECTIVE 


OP VGRIv 


2,1 POTT'S AHI) CfvCVVTRATICIT OP PHOSPHOROUS IN WASTE WATER 


Phosphorous is usually present in waste water 
in the for . 1 of organic phos horoua, inorganic condensed 
phosphates, and orthophr-., hates. Host of the organically- 
bound phosphorous compounds in waste wat er are present 
as particulate organic matter and as bacterial cells. 

Very little is known about the dissolved organic 
phosphorous compounds which are the by-products of 
bacterial metabolism and cell lysis. Inorganic 
condensed phosphates such as pyrophosphate (PgO^) 
tripolyphosphate (P^O^q); and trimetaphosphate (P^Og^) 
originate mainly in household detergents. Orthophosphate 
(PO^)is an end product of microbial degradation of 
phosphorous-containing organic compounds; orthophosphate 

CT 

is also exeneted in urine, and is the product of 
enzymatic hydrolysis of condensed phosphates. Phosphorous 
in the orthophosphate form is most readily available for 
biological utilization. The concentrations of the various 
forms of phosphorous in domestic waste water are subject 



to wide hourly and daily fluctuations. ’Taste waters 
received at or discharged f r ora different plants also 
contain varying concentration of phosphates depending 
on the type of c ommunity served and the nature Oj. the 
biological treatment process employee. According to 
Ronald, G, Schuessler (31) it is seen t 1 at approximately 
one-third of the total phosphor -us is n- the soluble 
orthoform, one-third in t:ie 3".‘"P ;■ _ poly form, and one- 
third in th^ suspended form. Pinstein and Hunter as 
quoted by Ghassemi (15) studied phosphate concentration 
in three Activated Sludge and three trickling filter 
plants and found that in the influent to the biological 
treatment units inorganic condensed phosphates constituted 
15 to 75?° of the total phosphorous and tnat about 50$ 
of the condensed phosphates were hydrolyzed to ortho- 
phosphate on their passage through the treatment plants. 
C.N. Sawyer (36) reported that hydrolysis of inorganic 
complex is hindered at low temperature and that PPP 
(Sodium bripoly phosphate: Ba^ P^ 0^ 0 ) is hydrolyzed 
much more slowly than TSPP (tetra sodium pyrophosphate: 

Ba^ Pg 0^). Rolf Eliassen and George Pchobanoglous (13) 
reported the various sources and the concentration of total 
phosphorous present in each source as follows s 
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TABLE -1 


SI. 

No . Sources 


Total Phosphorous 
fmg/l as P) 


1 . Domestic ^aste 

2. Ruro 1 Runofi : 

(a) AgricuH tural land 

(b) Nouagricultural land 

3 . Urban Runoff 

4. Rain fall 

5* Industrial ’’’aste 


3.5-9 

0.05 - 1 .1 
0.04 - 0.2 
0.1 - 1 .5 
0.01 - 0.03 


The above data were reported in 1968 and some 15 
years earlier Sawyer (36) had re. orted the total 
phosphorous concentration in domestic waste water to be 
2-4 mg/l as P. Such a difference in concentration 
within one decade was due to the increase of synthetic 
detergents’ use for household purpose at the rapid rate. 
Total phosphorous concentration of I.I.T/Kanpur Campus 
sewage was found to be 5 .5-6 mg/l as P (39) and out of 
which, orthophosphate Gone was 3 .0 - 3 .3 ng/l as P 
(author, 1971). 
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2.2 LEVEL TO ''..'El CPI THE II OS-HCRCU3 S LOTTE BE CVSD i 

After knowing the forme and none of phosphor ous 

in which it is present in -r aste water, the next important 

criterion is the level oP* removal. At present, one of the 

major difficulties in designing or planning for the removal 

of phosphorous is that reliable informaiicn is not availab] 3 

regarding the levels to wh.i.ch it must be removed to minimize 

or eliminate the adverse effect; caused by its discharge. 

Up till now there appears to be no general agreement 

as to the level to which phosphorous must be reduced 

before the effluent can be discharged. Sawyer (36) 

suggested a limiting value of .01 ng/l of inorganic 

phosphorous based upon his observation of 17 Wisconsin 

Lakes. On the other hand Bryden as quoted by Ghassemi (15) 

originally proposed a limit of 2 mg/l as PO. (0.65 mg/l 

4 

as P) for a reacreational lake supply but later revised 
this down to 0.5 mg/l as PO^ (.16 mg/l as P) as necessary 
to prevent regrowth of algae. ‘This sort of disagreement 
can be solved by studying the growth of mixed culture 
of algae in different cases : (i) E-enriched mediaj 
(ii) P-enriched media (iii) Eeutritionaly balanced media. 
According to J.H. Ryther and 1 .M. lunstan (35) the uptake 
of E and P takes place in the ratio of E to P from less 



than 3 s 1 to over 30 s 1 (by atoms). The ratio varies 

« 

depending on the bind ol' algae ••grown and the availability 
of nutrient and the average optimum N to P ratio can be 
accepted as 10:1 because values between 5:1 and 15:1 
are most commonly encountered. Such a study will not only 
set a permissible value of phosphorous or Nitrogen 
Concentration in a pond or stream to stop the nuisance 
growth of algae but also will dictate whether the 
productivity of algal mass is sensitive in case of 
Nitrogen limiting or phosphorous limiting condition. 

2.3 NjTOZhl NETHQDS : 

The most common methods of waste water treatment 

involve bio'-opical oxidation. The microorganisms present 

in the waste water degrade the complex organic molecules 

into simpler products thereby acquiring energy and materials 

for their growth and the synthesis of new cells. As the- 

supply of the available food diminishes, the starving 

«* 

bacteria agglomerate into large floes which are removed 
by settling. Although conventional biological treatment 
processes can result in a substantial reduction of the 
carbonaceous organic matter, only 10-30% of the phosphorous 
compounds initially present in the raw waste water is 
converted into removable cell material due to the unique 
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nutritional requirements of sewage bacteria. Conventional 
Activated ClucVe and Trickling fi’uer process can remove 
10-30$ whereas the oxidation pond can remove a little 
more (about 6Cp) . Therefore, the effluents from most 
conventional biological treatment units still contain 
substantial quantities of phosphates which have to be 
essentially completely remove! 1 if serious deterioration 
of water quality in the receiving streams is to be avoided. 
Of course several investigators (9,18,25,32,33) have shewn 
that significant removal about 80-90$ can bo achieved by 
modifying the conventional Activated Sludge parameters : 
Dissolved oxygen, biochemical oxygen demand to active bed. 
sludge loading, mixed liauor suspended solids and return 
sludge rate. Previous work shows that in order to attain 
maximum phosphorous removal, dissolved oxygen should not 
drop below 2 mg/l in more than one-half of the aeration 
tank and should react the level of about 5 mg/l at the 
end, but avoid over aeration; B.O.D to activated sludge 
loading should be 50 lbs. B.O.D. per 100 lbs. of aeration 
solids and sludge volve index should be about 150. The 
modifications of the parameters will involve more cost 
and at the same time it may not be so reliable because it*, 
biological process it is always there. So the Biological 
Process is not so suitable for phosphorous removal* 
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TABLE - 2 


COFPARIS TON AKCITO d-YEPA. 


R s. rir: f 


TOY AI. BRCCESS(13) 


SI. 

No. 

Process 

Removal 
efiy . (%) 

Gust 


1 , 

Biological Treatment 

10-30 

30-100 

Sludge 

2 . 

Modified Activated 
Sludge Process 

60-80 

30-100 

n 

3- 

Chemical Precipi- 
tation 

' 88-95 

10-70 

n 

4. 

Sorption 

90-98 

40-70 

liquid & 

Solid 

5. 

Ion Exchange 

86-98 

1 70-300 

Liquid 

6 . 

Elect ..' 0 che mi cal 
Treatment 

81-85 

- 

Liquid 
and Sludge 

7. 

Electrodialysis 

30-50 

100-280 

Liquid 

8. 

Reverse Os t ho sis 

65-95 

250-400 

« 

9. 

Distillation 

90-98 

400-1000 

ti 

10. 

Lend Application 

60-90 

95-150 

None 




Among chemicals methods, Ion excha 'ge process is 
impractical to imple^'orr because it requires extensive 
pretreatment for reducing the organic ratter fouls the 
resin* However the recent development of macroporous resin 
which will absorb much organic matter without fouling 
and the possibil ty oi less expensive x-egeneration 
chemicals, rakes this process worth consideration again. 

Of all other chemical methods available for the 
removal of plios. hates , chemical precipitation using 
Alu; -Lniur Ferric and Calcium Salts has received the 
widest attention. Aluminium Salts (Alum) has been 
preferred although it is costlier than Ferric and Calcium 
•Salto perhaps because of two reasons: 

(1) The optimum PH for maximum phosphorous removal 
in case of Ferric and Calcium Salts are around 5 «0 and 
11.0 respectively both of which do not correspond to the 
PH of Natural waste water and' so the adjustment of this 
optimum PH wi " j involve more cost., 

(2) If the doses (Fe , Ca ) are not properly 
controlled, this may cause colour and hardness respectively 
in turn. 



Lea etal (21) reported fron'bheii* laboratory 
pilot plant st^dy that to achieve a residual phosphorous 
concentration in the effluent (T,) of 0.5 mg/l as P0^_ 

froir an initial "dies* Cone . (Xr ) of 13*8 my/l as PO. 

, F>H 

an alum dose of 20 0 mg/j was required at optimum py range 

7*1-7. 7. Sturm : (4-2) found this ootiinv.. IK ;o be 6.3. 

Again Pberhardt (12) showed tint to achieve = 0.5 ng/l 

as 7:0^, from P^ = 40 mg/l as P0^ Alum, dose required was 

210-294 mg/l whereas limey, concluded the do'se required 

43 

was higher around AL to P^ molar ratio 3.5:1. 

2.4 MECHANISE: OP AghOVAL : 

A knowledge of the Mechanism of phosphate removal is 
important to investigate the discrepancies among the 
investigators as discussed above. Once the mechanism is 
known we can investigate the possible interfering parameters 
making the results inconsistent from investigator to 
investigator. Unfortunately the actual mechanism has 
not yet been well defined in case of phosphorous removal 
by Alum Coagulation. A number of inve; cigators (42 etf.) 
believe that phosphate is remold from aqueous solution 
in the form of the precipitate, ALPO^ whereas other 
investigators (21) believe that the adsorption of phosphate 
on the A1(0H) j floes is mainly responsible for removing 
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phosphate from aqueous solution by alum coagulation. 

Those who support the at sorpti >n mechanism have shown 
that the results of plies oh or on s renewal by alum coagulation 
can be plotted satisfactorily in Preundlich adsorption 
isotherm. But the satisfactory plot of the results in 
Freundtich adsorption i sot hern is no indication that 
adsorption is the only mechanism taking place because the 
result of sir. pie precipitation can also be plotted in 
Freund lich adsorption isotherm. On the other hand, those 
who support the precipitation of AlPO^ can not say 
conclusively that the precipitate being formed is only AlPO^ . 

If a stoichiometric compound AlPO^ is precipitated, 
maximum removal should be achieved when Al + ^ to 10^ 
molar ratio in solution is 1:1. However, none of the 
investigators found this to be true. , It is almost certain 
that a Ion w.i.th AlPO^ some hydroxide of A1 is also 
precipitated which may or may not adsorb phosphate ions. 
Popel ( 30) has derived a mathematical model applying the 
Preuhdlich -d sorption equation to precipitation of a mimed 
A1 hydroxy-phosphate in which PO^ ions compete with OH 
iohs. 
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2,5 OBJECTIVE : 

In any removal "process whether it is physical, 
chemicaj or bioJ ogicil , the most fundamental and important 
part of the process is to Lnow the mec h_ani sn of removal. 

But from the literature review of the removal of phospho- 
rous by Alum Coagulation it appears that the mechanism 
is not yet well defined. There is an uncertainty whether 
phosphorous is removed due to straight and simple chemical 
precipitation of AIPO^ or due to the adsorption of 
phosphate on the floes of AT- So my first objective 

is to clarify these uncertainties regarding the phosphorous 
removal by Alum Coagulation. Apart from the mechanism of 
removal there are some other criteria which are to be 
developed for the use by Engineers in the design and 
operation of the procerss. Those oj.it :ria are : the 
effects of PH; initial phosphorous concn (P^) coagulant 
dose; reaction time, flceulation time, settling time and 
charaterization of sludge. Among these criteria the most 
important one is the coagulant dose. Much of the econoa^ 
depends on the effective and accurate determination of 
the coagulant dose. But from the literature review it is 
found that the dose requirement's for effective removal 
of phosphorous varies from investigator to investigator. 
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This essentially roy be due to , Hi and waste water 
characteristic (suspended solids,, T: c-cbemieal oxygen 
demand, other dissolved ions.) So i :y another objective 
is to study the effects oi the clove •.anuioued parameters 
on the coagulant dose fov efieotivc r 0 . uvfl and to see 
what actually m .id e the previous inve: t l, .. ! crs 1 result 
inconsistant and also thereby to -v. vitro the actual dose 
requirement considering the Oj.' 1 '. •; those parameters* 

So in short the objectives of this work, can be 
stated as follows: 

(1) To investigate the actual mechanism takes place 
in the removal of Phosphate by Alum coagulation. 

(2) To find out the actu-j coagulant doso requirement 
for effective removal. 


4 



chapter - hi 


EXPLY, II ENT AL 


3.1 MATER .TAPS : 


The following chemicals and others have been 
used in preparation of various reagents and to carry on 
the experiments: 


(D 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 
( 11 ) 
( 12 ) 


Pot ns slue: di-hydrogen Phosphate (KH 2 -0^) 
Stannous Chloride (Sn cl 2 , 2H 2 o) 

Aan. on in Molybdate j^(HH^)g 110^ 0^, 4H 2 oJ 
Alumi niurn Sulfate j^Al^ (SO^)^ , 10 H 2 oj ; Alum 
Peptone 

Kao 1 me Powder 


Glycerine 

Sulfuric Acid (E^ SO^) 

Sodium Hydroxi e (Fa OKI 
Distilled T Yater 

1.1. T/K - Campus " r ’a w Sewage 

1.1. T/K - Campus Oxidation Pond Effluent 


Potassium di-hydrogen phosphate has been used to 
prepare pure ortho-phosphate solution. A stock solution 
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\ 


(500 mg/l as P0^) '.v ..is prepared and /believer the pure 
ortho Haos ihate solui~l"v, r? v.irious concentration (4*0, 

10 0, 20. 0, 30 0 mg/3 as have been required, they 

have been prepared by diintin; the stock so3.ution with 
distilled water. 

Stannous chloride, Amnoniur: Molybdate , Glycerine, 
cone. sulfuric acid have been used to prepare stannous 
chloride solution and acid ammonium molybdate results 
required foi the analysis of orthophosphate in solution. 
These reagents have been prepared as per standard methods. 

Peptone and Kaoline Powder have been used as 
representative of B.O.D and S.S. in synthetic sample 
respectively. C.O.I). contribution of peptone is assumed 
to be 0.2 pm/ gm . On the basis of this data 1250 mg/l and 
125 mg/l of peptone has been used to represent B.O.D. 
of 200 mg/3, and 20 mg/l respectively. B.O.D has been 
taken as 80% of G.O.D. 

N/10 Sulfur :i c Acid and l/lO Sodium Hydroride have 
been used for PIT adjust. ’.ents. 

A13 the cher.ic'u-s used were the purest grade 
available . 

The cnaract eristics of the phosphorous containing 
natural waste water' '{X .1 .T/K Campus raw sewage and oxidation 
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pond affluent) used in the experiments are given below: 

TABIE - 5 



CHAV'.CTT' r'T Tjp Cf VASTS VAT 

El ITS BP 


SI* Ho 

IV ix •? • ete ’ 

■” l r/K campus 
raw s ev/aae 

Oxidati o 
Pond Eff 

1 . 

Te: p.°C 

25-26 

29-31 

2. 

Total solios mg/l 

1023 

860 

3. 

Total suspended siids mg/l 

467 

- 

4* 

Volatile suspended solid mg/l 210 

— 

5. 

Volatile dissolved solids 
mg/l 

240 

- 

6. 

Amonia Nitrogen mg/l 

6.5 

2,83 

7. 

Organic Nitrogen mg/l 

8.0 

5.2 

8. 

Total Phosphorous mg/l as I 

• 5 .2 

2.8 

9. 

Total orthophosphate mg/l 
as PO^ 

10.0 

4.0 

10. 

PH 

7.9 

8.8 

11. 

COP mg/l 

279 

- 

12. 

BOP, 5 day ,2C°0, mg/l 

136 

25 

13* 

BOP Ultimate mg/l 

210 

135 

14. 

Plow 10 6 1/d 

2.8 

2.7 

15. 

Algae cone . mg/l 

- 

412 

16. 

P. 0 mg/l 

- 

8.9 
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3.2 AT AT :ATJ3 : 

The x'o' iov/Li.:; a- par at us are used to carry on the 
experiments • 

1. Phipps end Bird 31:: place stirrers (Phipps and 
Bird, Inc. diehard, Ya) 

2. Beckman Lxpaadomctic PH meter (Bech 'an Instrument 
Co., Fullerton, Ca.'il.) 

3. EIICO PH meter model 11 -10 (Electronic & 

Industrial Instrument Co. Pvt. Ltd. Hyderabad, India) 

4. Bausch and Bomb Spectronic 20 Calorimeter/ 
Spectrophotometer (Bausch and Lomb Co. Rochester, N.Y.) 

5. 25 KV X-ray Diffractometer. 

All "Jar Test" preci it at ion experiments were 
conducted usin£ apparatus 1. The Apparatus 2 & 3 were 
used for PH measurement. Yost of the time apparatus 2 
was used. Ca? ori^et o -r ia lyses were made with apparatus 4* 
and X-ray detraction analysis was made ~n apparatus 5* 

3.3 ANALYTICAL YET HODS : 

All through these experiments only orthophosphates 


in solution have been considered. < The Quantitative 
determination of orthophosphates can be done by Gravimetric, 
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volumetric and colc_’ii.>stric ,thods . The ^ravimetric 

method is applicable where, amounts of phosphorous 

# 

are present, but such situations do not occur in sanitary 
engineering practice. The volumetric method is applicable 
when phosphate concent rati' ns exceed 50 ng/l > but such 
concentrations ore seldoi encountered except in boiler 
waters and digester supernatrnt liquors. -Since the 
concenbration of phosphate uo tally occur in the waste 
water are less than 50 mg/l, co3 orinotric method was chosen 
for quantitative determination of phosphate. 

Of the two calorimetric methods the stannous 
chloride method described in standard method was used 
for determination of orthophosphate throughout the 
experiment. The principle of the method is to develop a 
colour and to determine the intensity of the colour by 
colorimeter or spectrophotometer. The chemistry involved 
is essentially as follows : 

Phosphate ion combines with ammonium molybdate 
under acid condition to form a complex compound known 
as ammonium phos phom olybdat e . 

P0 4 +'12(MJ 4 ) 2 Mo G 4 + 24H* * 12 Mo 0^ 

• " lf . - . * 21 + 12 HgO 
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The no? /Menu" contained in ammonium pho s phrmo ly b d r j t 

+2 

is readily reduced by On to produce a blue coloured 
sol that is proportional 'cn the amount of phosphate 
present. The coloured compound formed has never been 
isolated and its formula is unknown. The chemistry 
* involved with stannous chloride os the reducing agent, 
may be represented in qualit.ti.ve manner os follows : 

( j PO^ . 12 Ko Oj + Sn ++ (Tlolybdennun blue) 


The absorbance of this blue colour developed 
for 10 mts is measured with soectroric-20 at 690 my* 
wave length and then from the r -rmdard carve ^hos.hate con 
Vs Abs . the actual concentration of phosphorous is 
calculated. 


3.4 EXPERIMENT Al PROCEDURE ; 

All the experiments were carried out in 'Batch 

Process 1 . The procedure of the experiment can be. described 

* 

as follows ; 500 ml. of the sample is taken in each of 
the six 1 1 beakers . Calculated amounts of alum solutions 
(freshly prepared) are added to the eample # o that the 
molar ratio R » Al/P varies in the "range f*0, 1 .5, 2.0, 
2.5, 5.0, /5.0 '• Then the electrodes of the’ PH meter were 



dipped into the sample and PH of the sample is adjusted 
to 4*0, 5.0, 6.0, 7.0 8.0, 9.0 by adding lj/10 Hg So^ 
or N/1 0 Fa OH. After the adjustment of PH the beahers 
are placed in Phipps and Bird c ix place stirrer (Jar 
Test Apparatus) snb for first :: 2 innbes samples were ra^i 
stirred at 100 r.p.n. and then the stirring is gradually 
si owei to 20 r .p .m . and kept on stirring at 20 r.p.m. 
for 20 minutes. After the flocenlation the samples were 
allowed to settle for overnight and then the effluents 
were analysed to find out the concentration of phosphate. 

The following samples containing phosphorous have 
been considered in the experiments. 

1- Pure test solution of orthophosphate in distild eC 

17ater of varying concentration P^ = 4.0, 10.0, 20.0, 

30.0 mg/l as PO^. 

2. Actual waste water : (i) I.I.T/lC Campus Raw 

Sewage (P. = 10.0 + 0.5 mg/l as PC.) and (ii) I.I.T/K 
Campus Oxidation Pond effluent (b =3*5 + 0.5 mg/l as 

P V- 

# 

Synthetic Sample ; 

S 1 ; ? t = 10 mg/l $ S.§ * 20 mg / 1 
Sg 1 m 10 mg/l | S.S - 1Q00 mg/l 


3 , 
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: P i = 10 mg/l : B.O.D = 20 mg/l 

5 4 5 r i = 10 ’ -A ? B.O.D = 200 mg/l 

5 5 : ? i - 10 mg/l i S.S = 20 mg/l, B.O.D = 

S. : P, = K 2 j 3.S = 1iOO mg/l B.O.D = 200 

° 1 mi/l 

The effects of PH i 4 to 9 were studied 

in case of throe samples ; (i, Pure lhc\o~-hate solution 
(10 mg/l) (ii) Bare Phos 'hate solution (30 mg/l) and 
(iii) Actual waste water - T.T.T/K Car -pus Raw Sewage 
(P i = 10 + 0,5 mg/l) . 

In cases of all oth r sample the experiments were 
conducted at optimum PH - 6.0. 

Another experiment t c study the adsorption 
process sepearately was carried out. Here what was done 
is as follows : 490 ml. of distilled water is taken in 
each of the six 1 litre beakers . The electrodes of the PH 
meter were dipped into the D.7 and the PH (7*2) is 
recorded. Then 1.0, 1.5, 2.0 .... 5*0 ml of Alum 
solution (17*5 gm/l) are added, the PH falls to 4*55, 

4.5 ..... 4*2 accordingly which were brought to around 
6 .'5 by adding N/lO Ha OH to form A1 (OH)^ floes and after 
the formation of A1 (OH)^ floes 10 ml. of Phosphate Stock 
solution (500 mg/l) is added to each of the six beakers. 
Slight changes (decrease) in PH were obfierred • Then the 
sample were 'ffocmlated ©ad settled as like before and the 
concentration of phosphorous was measured. 
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RESULTS AMD DISCUSSI01I 


4.1 FACTORS OOIIPROI'Linc EFFICIENCY OP IHglME REIIOVAL : 

The efficiency of Phosphate removal by a given 

process is defined as : 

— 

e = — x 100 


= ( 1 - A X 100 

x i 


where, = Initial Phos.horous Concentration in the 
Influent . 

P^ = Pinal (residual) Phosphorous Concentration 
in the effluent . 


A review of previous work shows that e is dependent 
on three factors ; P^ ? PH of the effluent and R (alum 
dose expressed as A1:P i olar ratio in t£e treated solution). 
These tliree factors have not been studied together in 
a single investigation so far. 0$ the other hand, it is 
obvious that the alum dose required for a desired efficiency 
will depend on PH and • UVa this "end in view PH, and 



R were varied soysorately in controlled experiments 
and the follow m,-: re suit r: were do dp; ned . 

4.1 .1 EPPECT OR PH : 

If phosphate is removed, at least partly, by 
precipitation of Al-Phospliate compounds the process 
should be strongly PK dependent on theoretical grounds, 
figures 1. and 2 show the solubility of AlPO^ and Al(OH)^ 
as a function of PH calculated on the basis of available 
thermo-chemical data. Details of their calculations are 
supplied in the Appendix. It is clear that AlPO^, A1(0H)^ 
or a mixture of the. two have solubility minima between 
PH 6 and 6.5. This PH raire is therefore, optimum for 
removal of Phosphate by Al-salts. 

figures 3 to 5 show the results of the present 
series of experiments in which was measured at various 
PH values with constant and'R. It is seen that P^ 
is minimum around PH-6 for all values of P^ and E for 
pure phosphate solutions as well as for the raw sewage 
sample. In ’addition the pure samples with P^ =* 30 mg/X 

retaih a minimum P^ not only at PH-6 but for the extended 

' > < 

range PH 5 to 7. These PH values for- maximum phosphate 
agree with the theoretically predinted optimum PH for 
phosphate precipitation. 




Total 3Xs&©U/tt-d ' Phosphorous duo to Solubility oj AlPO^ as 




Fla f+. 


EJ'f&C't of |dH ^ R on P| 
Purs- S^-sl'e-m * 

Pi, - 50w^/i. 




^2 L 6 > & 10 12 

pu 

Effect of |dH R on P| 

Actual Was!® Watar 
( 1. 1 . T/K Campus Raeo Secoao^) 

Pi s 10.0 i 0-5 m%/l. 
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4 - 1 .2 


TC ’ C™ 


is a .lot of I' '.fr.iiist R foi solutions 
i 

of vorlo s I,, but PH constant ufc the on b imr. v ilue of 6. 
It is see'. i;h t for Ion ala d-ses (h <2 .0) Ip. is higher 
for hi & or J eve! r of Ih w.n a given R. Ilc/'e/e tils rate 
of increase of i; not eonsrcnt through the enrire 


soi _ o of !; a r.z, see. fra. f- 


1 o . P^ 1 ncr o a s eo 1 i no ar 1 y 


at fir*,; 1 .‘Jh ?. ; iid then hevia’ces from a straight 

l ^ 


", r. 


li;ie for I. y 1C, jg/l. The slope of the straight 
decreases with in^re: sing 11 and it become; • parallel to 
- arts , at R ^ 2.0. At R=2 values for all P^convev 
to 0.6 mj/l (Pig. 6 and 7b). 


Because of this manner cf increase of P~ with P. 

f l 

at R <(2.0, the rabi o P^/lh decreases ’dth increasing P^ . 
Therefore, o - 1 ■ Ih/'ih inero, so . with -increasing P^ 
as shown in fig. 7a, In ot> \e.\ mt-', n for a given alum 
dose in this range, bhe of ! ieiency of phosphate removal 
increases with solutions of higher initial c:ncentration 
of dissolved phos dirte. 

Conditions are different rlion the alar dose is high 
(R ^2.0). Here P^ is more or 7 a\; independent of P^ 
at a given R (Pig . 6). The ratio P^/Pj_ decreases and the 
efficiency of removal (e) increases with increasing P^ 
(Pig. 7a) and attains a constant value at high - E as 
explained below. 
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-11 l’.ivo". u - w 1 ' , ; . . i;-, irap?Licit that 

the .'I - .' - Cose ( px: :: , iiy. . xtm'c ro].? in control] m • 
efiieie :ev (o' 1 of whoa ..net removal, ihe f ac thac diffe: 
in I f , vs ne o : .i i;ateO when R > 2.0 sip-nests 
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. ic 

-iicy 

is 

rex c Lad vor;/ 

soon after 

P. = 2.0; 


(fi^. ?a) and the ratio in c.n rcurt for a given 

jh at higher values cf h . In om-er •. 'ords, aluri dose 
hi her than - 2.0 \.*oi;ld net lower P^ at any P^ and the 
officioncy u; u i ;o hr L.v”n /ri by ary ; i j i if leant amounts 

4.2 Ci " [V'.R LG t ■ ; h-Rh ■■ :h OYSTER AjD MPIJRA1 SYSTEM : 


In pure S'Oto-' uJn . conyOntion was conducted in 
pure orbhophos/hat " solution prepared from laboratory 
reagerta and r.at.tral system alum coagulation was condu 
ct ci in act’icl -ast e water samples. As an actual waste 
water samples Coxrpuo raw sewage (P^ = 10.0 ±0.5 in£ 

and oxidation pond effluent (O.P.E) P^ = 3 .5 ±0.5 mg/ . 
The detail c uaperison is shown in fig. 8. It shows that' 
to achieve same degree of removal the dose requirement 
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All tliroY! Si'; r ii ; t implicit that 

the "l;r dose (•“' pier an imi. riant •.'•] c ir control? in * 
efficiency (o') of . wi.-mcc removal, file x ac . teat differcre 
ir. I|. 1 r i if- ? i ;. re oxii ire ted when H >1.0 subject s 
that '1 = P.J is the mini nun alum rh'se necessary for 
oL'.’eotivc phosphate removal. How eve s , P. c c ranges ne 0 l i- 


plbliy bet. .-ei. 1 - 1.0 u id '< -■ 


j.i.v o go oia e s practically 


constant af b<;r further increase of 3? . Frio shows that 
bho vnxirun of ic fancy in reached very soon after £ = 2 .0 
(fi >v . 7a) and the ratio P f /P i is c-. notc.it for a given 
j?. at higher values of Tl . In other words, alum doss 
hi her than P ~ 2.0 would net lower Pp at any P^ and the 
efficiency can roc be. improved by any significant amounts. 


4.g liBfhln’ ! r ‘ II; hYSTETT A HD hATUTUI SYSTEM : 


In pure ay fiber uJnr coagOn bion was conducted in 
pure ortho. 'h os !> hnt ■> solution prepared from laboratory 
reagents and natural system alum coagulation was condu 
cted in actual waste water samples. As an actual waste 


water samples IIf/l-1 Campus raw sewage (P i = 10-0 ±0.5 fflg/l) 
and oxidation pond effluent (O.P.E) P^ = 3.5 ± 0.5 x&fe/l) * 
The detail c -mparison is shown in fife. 8. It shows tbrt 
to achieve same degree of removal the dose requirement 
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rejoins same as in pure- j; f or o.;icU lion pond effluent 

bv. L the Colo reguiv ."cub varicu fr , i that of pure system 
few raw r'. v/n ,c . To: sewage to achieve P f = 0.5 mg/l 

at optimum PH-6 the rose necessary is F. = 3 .5 instead 
ol V = 2.0 fo * „m’e system. This deviation may be due 
to ” 7 .?' sto water oharciet eristics because the other parameters 
a! !\ecti,n • <rf lIc - ’ eney and >11 were Pept same for both 
ennos (lure ;<"d .iat'-”al) in order to compare the results. 
Grid' lien pond effluent can be characterised as having 


very It - ' r ’ . C . D . , significant suspend solid in the form 
of o]gr'? biomass and total dissolved phosphorous is more 
or less- e. “al to total orthophosphate where as raw sewage 
can. be cuoract erisec as having high B.O.D, high suspended 
solids in p irticu] . t e and colHdaj form and along with 
ortho-plios, hate the e is condensed phosphate to a little 
extent. Co it can be concluded tnab very low B.O.D. 
and u3 gae do not interfere in the .reirovefL of orthophosphate 
by a 3 um coagulation but very high B.O.D ax.d suspended 
solids in particulate or collide? form nay interfere 
in the reinovai. of ortho ‘hos_liate. The increase in dose 


fc'" 1 c ci fie of aw sewage may be due to extra amount of 
condensed phos'hate winch was not ta’-en into account 
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4.2.1 EFFECT OF USJM PC 7 IDS : 

"Tfeet of si; s, ended ,''lids was studied by conducting 
co r o. 1 ? if on bx -.eri^cnt at PH-6 in synthetic sample 
prepared by adding kaoline powder in various concentration 
(20 mg/l & 1000 mg/ 1) to the pure phosphate solution 
(1^ = 10 mp/l) Detail comparison of the results between 
pure and synthetic sample is shown ir. fig. 9. It appears 
from the r.re :>h that the effect of sus ended solid on alum 
c ose requirement for phosphate removal is hot very impor- 
tant. Particuj arly the lower concent 'a ti on (20 mg/l) 
which is usually present in the effluent from biological 
treatment processes (A.S. or I.F.) does not affect at all. 
The dose require* ent remains tho same as required in the 
case of pure phosphate s.lution. Very hx\ii concentration 
(around 1000 ug/1) of sus> end ; 'did may affect a little 
bit but i. g is no ^ so much leant ♦ 
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Pur** Pho«|>hctU Soln. Pi«10mg/t. CSo) 
d— * S^nfh»lifr SamM* Pi “ lOrng./L » S.S. • 20 mg/l. (3# > 

, y < r t m ' »» Pi * 10 m^/t f s>. S. * 1000 Wjj/i-- 


9. Ejf&ofc of Sus^nded Solid on Pho^hat*- .. Removal. 





4.2.2 EFFECT OP BIO-PLCl/DABIS OPG.flJ:TC /AEJ3T: : 


The effect of biodeqridabls organic matter was 
studied by conducting the coagulation experiment at 
TH-6 in synthethetic sample prepared by adding peptone 
in verious concentration (125 & 1250 mg/l) to the pure 
phosphate solution (P^ = 10 mg/l) . Comparison of the 
results between ;ure and synthetic system is shown in 
fig. 10 It appears that the presence of bio-degradable 
organic matter of concentration in the range studied 
does interfere with the alum dose requirement for effective 
removal of phosphate. The results show that to achieve 
around 0.5 mg/l (Permissible concentration of Phospho- 
rous in Stream.) dose required is R = 2.5 and B = 3 .5 
in case of synthetic sample having peptone concentration 
125 mg/l ( - 20 mg/l B.O.P) and 1250 mg/l ( £ 200 mg/l 
B.O.D. ) respectively. 

The combined effects of both suspended solid and 
bio-degradable organic matter are shown in fig. 11. It 
is seen that the curve for phosphate removal from IIT/& 
sewage falls in between those for phosphate removal fro® 
two synthetic samples covering the rangy. of B.O.D and 
suspended solids normally expected- in sewage. All the 
three curves fall abayy> the curve for pure solution of 
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same P^ = 10 mg/l . It is likely that the presence of 
B.O.J) in Sewage ra.\.’oe; \i ficiency of phorj . -hat r emoved 
by a Inn coagulation. 


4.3 MECKANISI! OP .KO^r/PTE Tgi 'OVA' 1 :hC, AQUQiTS SOIUIIOE 
BY TOg C<5KfflTA'£l< r : 

It is an established fact ".hat vc-y high degree of 
•phosphate removal (about 95-99$) can bo achieved by 
adding sufficient alur dose. But the actual mechanism 
of rer-ovtl in yet to be found out. Two hypothesis have 
been propounded regarding the mechanism of removal : 

(1 ) By the straight and sin. 1. cher.ical precipitation 
of aluminium phosphate. 


Al +3 + H n P0 4 n ~ 3 *=* A1P0 4 + nH + (1 ) 


( 2 ) 


By the adsorption of phosphate ions on the positively 
charged surfaces of aluminium hydroxide floes. 

+• 


[ai (0H) 3 


floe 


PO 


n-3 


H n ' LW 4 
chemisorption 


"Then alum solution is added to a phosphate solution if 
only the reaction (1) takes place then we could have 
achieved almost complete removal of phosphate at Al * P 



% 




molar ratio 1:1. But none of the investigators includiu ; 
mo found this to be true. In the present wori it lies been 
found that at A1:P molar racio 1:1 the remove. 1 is 57-75% 

(at optimum PH-6.0) depending on ini trio, 3 piios.horoas 
concentration (P^) . On the other hand a.j alum dose of 
A1 : P molar ratio 2:1 appears to be suf.. icient for a 
95% removal of phosphate. Or oosf-ibl'. e:. 1 ana t ion may 
be that the precipitate that forms iu a ■ -ixed hydroxo- 
phesphatu with an A1 : P ratio nf • 1 and a chemical 
formula something like A1 (OH)^ ^ (PO^)q r . An attempt 
was made to determine tho nature of the precipitate 
from its X-ray diffraction pattern. Alum coagulation 
was carried out at E = 2.0, PH = 6, = 4 gm/l. The 

precipitate was filtered out, dried at 100°C and 
examined in an X-ray diffract e- 'e ter . However, no 
diffraction peak was obtained suggesting that the freshly 
precipitated substance is amorphous in nature. 

The experiments described so far do not supply any 
definite conclusion about the second mechanism of phosphate 
removal i.e. adsorption on A1 (OH)^ floes. Therefore, 
a iiov; set of experiments were performed in which phosphate 
solution was added to a freshly prepared aluminium hydro- 
xide suspension, (details in chapter 3) » It is assumed 
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that in these experiments phcsHiate is removed only by 
adsorption because the A1 is in the solid i-nase as 
A1 (OH) 5 . 

4*3.1 COHPAhlSO!: B2P r ‘I;F PG'I.d PRECIPITATION AMD ADSORPTION : 

Comparison between the results of total precipitation, 
where alum is added to mure orthophosphate solution and 
adsorption process, where orthophosphate solution is 
added to freshly prepared aluminium suspension is shown 
in fig. 12. One interesting phenomenon was observed 
in the adsorption process is that when a pure orthophosphate 
solution of PH-6 ,5 is added to freshly precipitated 
aluminium hydroxide collidal floes suspension (PH-6.5), 

PH of the resulting solution gradually increases (although 
very little : about 0.2). It loads to the conclusion 
that adsorntion of phosphate on the aluminium hydroxide 
takes place with the replacement of hydroxyl ions. So 
aluminium hydroxide has got a capacity of removing 
phosphate by adsorption with a replacement of hydroxyl 
ions in a chemosorption process. Prom fig. 12. it is 
found that extent of removal is different in the two prooesse 
In fact the extent of removal in adsorption process is 
less than that in total orecipitation process. 
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So at this stage it can be concluded that both 
chemical precipitation and adsorption phenomena take 
place simultaneously as •' mechanise in the removal of 
phosphate from aquous solution bp alum coagulation. 

But this is only a qualitative explanation of the 
mechanism 'To evaluate the removal quantitatively by 
this mechanism the following should be known : 

(1 ) ’./hat percents "C of to’.al aluminium added (Al^) 

will involve in the chemical ..recipitation of Al-phosphx ;u. 
This can bo found cut if the kinetics of the competitive 
reaction : 

Al +3 + H n P0 4 n_3 — ~ A1P0 4 

+ 

oh” 

I 

A1 (QH) 3 

is known, but this was not studied in this work 

(2) Capacity of Al + ^ ion to remove phosphate, Of -course 
this is already known from the stoichiometic proportion 
of A1 & P in the precipitate AlPO^ and the value is to 
be 5.52 gm P0~ 3 / gm Al +5 . 
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(3) Phosphate adsorbing capacity of A1 (OH) ^ floes 
which are calculated on the basis of the results obtained 
by studying the adsorption process separately (r esu It s 
in Table 4) - 


TABIjE - 4 

RESULTS OP THE ADS l BIT ICE PROCESS 
= 10 mg/l ; PH - around 6,5 


n 


Removal % 

Capacity i 

mg of PO^-ym ig of Al(QH)^ 

i 

6.4 

36 

0.44 

1 #5 

5.0 

50 

0.406 

2,0 

3*4 

66 

0,403 

2.5 

2,4 

76 . 

0,37 . 

3-0 

1 .1 

8.9 

— . mm - - 

0.362 


5.0 


0.2 


9.8 


0,24 
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From the result it seems that adsorbing capacity 
depends on residual c< neentration of phosphate in the 
effluent* 

4.4 RECOMMEMDATION : 

From the foregoing discussion I would like to 
recommend that this alum coagulation treatment should be 
adopted as a tertiary treatment process. To an existing 
treatment plant this chemical treatment unit could be 
adopted (i) Before primary clarifier, (ii) Before secondary 
clarifier or within aeration tank in case of activated 
sludge plant These possibilities may eliminate the 
construction of a further tertiary clarifer resulting a 
little bit save in capital cost of treatment plant but 
will involve more cost in other ways due to the reason 
that dose requirement will be hi" her than actual because 
at all these stapes the B.O.D concentration will be 
higher which has a significant effect on dose requirement. 
Instead if we adopt this chemical treatment as tertiary 
unit we will have the following beneficial effect i 

(1) Operating cost will be lower than those cases 

although the capital cost will be increased but in chemical 
treatment the operating cost is much more importance. 



(2) The sludge produced in this chemical treatment 
(alur.- coagulation) unit will be more or less pure chemical 
compounds. And according to Tarrel ot-al and lea et al 
(21) subsequent alum can be recovered from this sludge 
after digestion. So it is better to handle this sludge 
separately without intermixing with Primary or Secondary 
clarifier sludge, 

4.4 SUGGESTION OP FJTUrJS WORK : 

(1) Kinetics study of the competitive reactions 

taking place in the mechanism of phosphate removal from 

aquous solution by alum coagulation. 

* 

(2) Effect of mixing time (both quick & slow) on 
residual phosphorous concentration in the affluent (P^) . 

(3) Characterisation of sludge produced in the treatment 
of waste water by alum coagulation of phosphate removal. 
Characterisation should include (i) Settleability (ii) Water 
content (iii) Compact ability (iv) Dewaterabilrty etc, 

(4) In this study only the orthophosphate has been 
considered. But in actual case along with orthophosphate _ 
theie will other dissolved condensed phosphates. So the 
removal of condensed phosphates by alum, coagulation is 
another aspect of study. 
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On the basis of the present study the following 
conclusions can be drawn : 

1) The optimum PH for maximum removal of phosphorous 
by slur coagulation is found to be around 6.0. 

2) The effect of on P f is significant at E <,2.0 
but after R ^ 2.0 P^ remains constant for a particular 

R irrespective of ? i 

3) The dose requirement at optimum PE - 6 can be 

suggested A1 : P malar ratio 2 : 1 or Alum : weight 

ratio 7 : 1 for effective removal (to achieve around 
0,5 mg/l) of phosphate by alum coagulation in pure system. 

4) But in actual waste water practice the dose 
requirement will be more than pure sys t em due to the effect 
of interfering parameters mainly bio-degradable organic 
matter. 

5) The effect of suspended solid is found not so 


significant 



6) Actual increase in dose will depend on the 
concentration of interfering parameter present in the 
sample In synthetic sample having *= 10 mg/l, * 

S-S = 20 mg/l and peptone = 125 mg/l ( = 20 mg/l B.O.D) 
which are the usual characteristics of the secondary 
treatment effluent the increase in dose is found to he 
25^ of the acoual dose required in pure system. 

7) The algae do not inxerfer in the removal of 
phosphate by alum coagulation. 

8) The mechanise of phosphate removal by alum coapulat 
is most lilely a combination of precipitation, adsorption 
and ion exchange. 

9) The nature of the precipitate formed in the 
coagulation is amorphous even after drying at 100°C. 
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APIDKDIX - A 


EXPERIMENTAL DATA PCH.XO IN LABORATORY 


Values of P. 

- m/1 at 

different 

PH and 

R 


I 


TABLE - la 

• 




Pure System : P^ = 3o mr/l 



XH 4.0 

5.0 

6 .0 

7.0 

8.0 

9.0 

R (R‘) 






1.0 (3.5) 19- 

►8 7.5 

7.0 

8.0 

21 .2 

22.0 

2.C 2.4 

(7.0) 

0.8 

0.6 

1 .04 

2.5 

19.8 

3.0 1.6 
(10.5) 

0.33 

0.16 

0.4 

0.8 

18.8 



TABLE - 1b 





Pure System : P^ = 

10 mg / 1 

' 

£3 

i — i 

* — i 

4^ 

• 

O 

5.0 

6.0 

7.0 

8.0 

9.0 

1.0 3.4 

(3.5) 

4.3 

4.0 

4.4 

8.0 

9.5 

2.0 2.5 

(7.0) 

1.7 

0.6 

1 .8 

2.8 

9.0 

3.0 2.0 
(10.5) 

0.5 

0.2 

0.6 

0.7 

9.0 


TABLE - 1c 



Actual System : 

p i ■ 

10.5 +0.5 

mg/l 




(IIT/K Campus 

raw 

sewage) 



# 

PH 

4.0 

R (E») 

5.0 

6 .0 

7.0 

8.0 

9.0 


1 .0 
(3.5) 

8.4 

5.8 

5.0 

7.5 

8.4 



2.0 

(7.0) 

3.6 

2.65 

2.5 

4.0 

6.2 

- 


3.0 

CO 

t 

CM 

2.0 

1 .0 

2,2 

4.4 




(10.5) 


TABLE - 2 

Values of P^-mg/l at PH - 6 at different P i & R 

in Hire System 


H(R') „ 

1 .0 

1 .5 

2.0 

2.5 

3.0 

5.0 


(3.5) 

(5.25) 

(7.0) 

(8.75) 

(10.5) 

(17.5) 

4.0 

1.7 

1 .0 

0.5 

0.4 

0.2 

0.2 

10.0 

4.0 

2.0 

0 .6 

0.4 

CM 

* 

o 

0.16 

20.0 

6.4 

3-0 

0.8 

0.5 

0.28 

0.2 

30.0 

7.0 

3.4 

0 .6 

0.24 

0.16 

0.16 



TABLE - 4 

Values of - mg/l at PH -6 at different R in Synthetic 
System (? i = 10.0 mg/l) 


R (R * ) 1.0 

1.5 

2.0 

2.5 

3.0 

5.0 

Synth ,, c \ 

etic uo; 

Samples 

(5.25 

(7.0) 

(8.75) 

(1C .5) 

(17.5) 

S-rP.-MO mg/l , 

3.0 

S.S = 20 mg/l 

1 .4 

0 . 5 ? 

0.32 

0.28 

0.28 

S 9 sP. =10 mg/l 

1 4.0 

S , S =1 000 mg/l 

1 .2 

0.8 

0.6 

0.2 

- 

S, : P- =10 mg/l 

5 4.4 

B0D=20 mg/l 

3.0 

1 .4 

0.6 

0.4 

0.3 

S . ;P.=10 mg/l 

41 ,' 6.2 
B 0 D =200 • mg/l 

4.0 

2.0 

1 .48 

0.64 

0.28 

S^:P ^=10 mg/l 

S.S=20 mg/l 4.0 

B0D=20 mg/l 

3.0 

2 .0 

1 .0 

0.5 

0.3 

S 6 sI> i = ' !0 mg//l 
S.S=1000 mg/l 6.0 

4.4 

3.2 

2.0 

1 .0 

0.4. 


BOD = 200 mg/1 



TABLE - 5 


Values of ? f - mg/l at PH-6, at different P. & R in 

actual system 


R (?,')-+ 

1 .0 

1 .5 

2.0 

2.5 

3 .0 5 .0 

P, 

VXmg/l) 

(3.5) 

(5.25) 

(7.0) 

(8-75) 

(10.5)" (17.5) 

SEWAGE 

10.0+0.5 

5.0 

3-6 

' 2.5 

2.0 

1.0 0.3 

OXIDAT 

ION 

P0N3') 

epp: uei;t 

3. 5+0. 5 

1 .56 

0.3 

0.52 

0.4 

0.15 0.15 



TA3IE - 5 



Results 

of the 

s e .aerate 

adsorption process in pure system 


p i 

= 10 mg/l , PH 

- around 

, 6 .5 

R (R») 

1 .0 
(3.5) 

1.5“ 

(5.25) 

2.0 

(7.0) 

2.5 

(S .75) 

3 .0 5 .0 

(10.5) (17.5) 


P f (mg/l) 6.4 


.1 


5.0 


3.4 


2.4 


0.2 


APPENDIX - B 


CALCTJIA Tl'J U Q? 3CLNBITITY MPA OP ALP O^ & AKOHU AS A 
FUNCTION CP PH ON THE BASIS OP AVAILABLE THEPhOCHE: IGAL 

DATA 

Equilibrium constants of the following reaction 
are taken fra: stumrn & Horgon (11a) 


Now 


A1P0, Al +3 + POT 3 

4 4 

K . 
si 

OJ 

1 

O 

if 

A1(0H) 3 = Al +3 + OH" 3 

ll s2 

= io" 32 - 3 

Al +3 + OK“ = Al ( OH) +2 

K 1 

= 10 9 

Al +3 +4CH" = A1(0H)“ 

X 2 

= 10 32 * 5 

PO“ 3 +H + = HPO^ 2 

Klf 

= 10 12 

HP0~ 2 + H^EpK)" 1 

K* 

2 

= 10 7 

h 2 P0^+h + = h 3 po 4 

K ! 

= io 2 * 2 

ai 2 « [ai +3 J + /ai(oh ) +2 j 

1 + jfAl(GH)” 


P T " 


+ [hp£>4 2 J 




ThoPo* 


where : Al^ = Total dissolved, aluminium species. 

P^ = Total dissolved orthophcs.- hate species. 




Fraction or Al + ^ species, ^Al = — - 

Al m 


K 1 x 10“ 14 K 2 x10“ 56 


(h + J 


Fraction of FCf^ specie, c^Cp = ~ — — 




1+K* 1 [h + ] + K* K* /_H + _/ 2 + K* K*K* fs + j 3 


PH 4 * 5 6 7 8 9 10 11 12 13 

p" , > 

-log <?( A1 0.041 0,3 1 .695 4.5 8.5 12.5 16.5 20.5 24.5 28.5 
-log4J< 10.068 9.068 7-042 5.3 4.042 3.005 2.005 1 .045 0.3 0.04 

Jr 




is forced. 


Case 2 : '.'-lie.: r ruy Ai .o. . hous A1 (OH)^ 

A1 (OH), = AX 1 '' 5 + 3CH* K , = 10~ 32 - 3 

Sc. 

K s2 = [ai +3 J [ m f 

Again, (ax + 5? =«{ a1 _ A1 t 

K s2 

Therefore, .\1_ =— 

[OH'] 

or log A1 t = log K g2 - log A1 +42-3 PH 


Hi 4 5 6 789 10 11 


-log Alj 2*253 5.00 6.605 6*3 5.8 4*8 3*8 2.8 


Case 3 : ’.Then both AlPO^ C: A1(0H)^ are formed 


Al +3 + PO 3 - 
4 

* A1 

po 4 

K b1 

= 10 25 

Al +3 + 3 OH” 

= A1 

(on) 3 

K s2 

= 10 32 * 3 


2 Al +3 + PO^ 3 + 3 OH = A1 PO^+Al (OH)^ K g = ? 



1 







